Denitration of nitroaromatic compounds by arylnitrile radical cations  by Riter, Leah S et al.
Denitration of Nitroaromatic Compounds by
Arylnitrile Radical Cations
Leah S. Riter, David F. Fraley,* and R. Graham Cooks
Department of Chemistry, Purdue University, West Lafayette, Indiana, USA
Substituted nitrobenzenes react with substituted benzonitrile radical cations in an ion trap
mass spectrometer by a novel ion/molecule reaction involving NO2 elimination. Formation of
an arylated nitrile, Ar1
1N§CAr2 (where Ar1, Ar2 5 aryl), is indicated by collision induced
dissociation and comparison with the behavior of the authentic ion. Ab initio calculations
(MP2/6-31G*//HF/6-31G*) show the reaction of the unsubstituted compounds (Ar1, Ar2 5
phenyl) to be exothermic by 48 kcal/mol, consistent with the experimental observation that the
reaction rate decreases as the collision energy is increased. Electron withdrawing and donating
substituents on either the ionic or the neutral reagent have little effect on the relative amount
of product observed, pointing to a radical mechanism. Related denitration reactions were
found to occur, between nitrobenzene and its radical cation and between phenylisonitrile and
ionized nitrobenzene. These reactions are suggested to yield Ar1
1N(¢O)OAr2 and Ar2
1 N§CAr1,
respectively. The denitration reaction was applied to trinitrotoluene (TNT) as a possible
diagnostic reaction for the presence of nitroaromatic explosives. (J Am Soc Mass Spectrom
2000, 11, 33–39) © 2000 American Society for Mass Spectrometry
Nitroaromatic compounds (NACs) are importantin explosives monitoring and have been iden-tified in a variety of environmental samples.
For example, trinitrotoluene (TNT) microbial degrada-
tion products occur in soil [1], plant roots [2], air
particulate matter [3], and marine waters [4]. A sensi-
tive and selective technique for detection of NACs is
thus desirable.
The characterization of NACs by various mass spec-
trometric methods has been explored. In addition to the
use of electron ionization (EI), chemical ionization (CI),
and negative-ion chemical ionization (NCI), tandem
mass spectrometry (MS/MS) has been employed [5],
and the collision induced dissociation (CID) fragmen-
tation patterns of many explosives and NACs have been
thoroughly investigated [5]. For example, the molecular
radical cation of TNT has been found to lose OHz
followed by loss of either NOz or NO2
z , or it may lose
H2O followed by loss of NO
z [6]. Chemical ionization
product ion spectra of the molecular radical cations and
anions of several ortho-substituted NACs have been
described. o-Nitroaniline and o-nitrophenol show loss
of OHz in both the positive and negative mode, due to
the ortho effect. However, o-nitrotoluene exhibits loss
of NOz in the negative mode, in contrast to its radical
cation, which primarily loses OHz [1].
1,3,5-Trinitro-1,3,5-triazacyclohexane (RDX) and
1,3,5,7-tetranitro-1,3,5,7-tetrazacyclohexane (HMX)
fragmentation patterns have been investigated after
ionization by EI, methane CI, and NCI. Many fragment
ions were found to originate from the adduct ions (M 1
NO)1 and (M 1 NO2)
1 in the positive ion mode and
the ions (M 1 NO)2 and (M 1 NO2)
2 in the negative
ion experiments. In all modes of operation, the major
fragments of both RDX and HMX were a result of either
N–N bond fission or ring fission accompanied by elim-
ination of CH2NNO2 groups (or parts of such groups).
Isobutane CI was used to create (M 1 H)1 ions of
pentaerythritol tetranitrate (PETN) and CID analysis
showed a major fragment ion at m/z 46 (NO2)
1, with
smaller contributions at m/z 76 (CH2ONO2)
1 and m/z 30
(NO)1. Ring cleavage occurred only after most of the
nitro substituents were lost [1].
Although the fragmentation pathways of NACs are
well known for a variety of compounds, the informa-
tion that they yield is often not specific enough to
confirm their presence at low levels and among the
numerous compounds that might occur in an environ-
mental sample. For this reason, ion/molecule reactions,
which offer complementary selectivity to CID, are of
interest. Although nitroaromatic compounds are quite
unreactive in the liquid phase, in the gas phase the
molecular radical cations have formally separate, and
highly reactive, charge and radical sites. This gas phase
reactivity may open the door for characteristic ion/
molecule reactions for detection of NACs in complex
mixtures.
Ion/molecule reactions have been applied previ-
ously to characterize NACs, both in CI and in MS/MS
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experiments. Xu [2] utilized NO1 and OCS1 as CI
reagent gasses to distinguish between ortho, meta, and
para-nitrotoluene. Only m-nitrotoluene formed an ad-
duct with NO1 and to a lesser extent with OCS1,
whereas the ortho and para isomers could be distin-
guished from each other by their different fragmenta-
tion rates. Dimethyl ether CI has been used [3] to
characterize isomers of dinitrobenzene, dinitrotoluene,
and trinitrotoluene and it yields a characteristic ion due
to loss of Oz as well as several fragment-ion adducts.
Positional isomers of dinitrobenzene, dinitrotoluene,
and trinitrotoluene are distinguishable by differences in
abundance of various adduct ions. Ion/molecule reac-
tions of isolated trimethylsilyl cations with nitroben-
zene, TNT, and RDX also lead to characteristic adducts
[4]. Tsuju [5] found that thermalized CF3
1 reacts with
nitrobenzene by O2 abstraction (;92%) and NO2 loss.
Balasanmugam et al. [6] found, using fast atom bom-
bardment, that NACs react with NO2
2 to yield
NACNO2
2 which in turn forms [NAC 1 O 2 H]2. Pre-
vious work in this laboratory has shown [7] that neutral
nitrobenzene reacts with XCO1 (X 5 Cl or Br) with
halogen substitution at the ipso position and elimina-
tion of the nitro radical.
The goal of the present study was to develop efficient
and characteristic ion/molecule reactions for the selec-
tive detection of nitroaromatic compounds. Particular
interest attaches to the structural characterization of the
ion/molecule reaction products. It will be seen that the
radical cation of a substituted nitrobenzene (Ar1NO2)
reacts with an aryl nitrile (Ar2CN) with elimination of
NO2 and formation of an arylated nitrile, Ar1
1N§CAr2
(where Ar1, Ar2 5 aryl). This reaction is reminiscent of
the recently reported intermolecular deaminination of
amine radical cations which, in the case of the primary
alkylamine (R1NH2), occurs with loss of ammonia and
further H2 to give the protonated secondary amine and
the protonated imine, respectively [15].
Experimental
Experiments were performed using a Finnigan MAT
(San Jose, CA) ITS-40 ion trap mass spectrometer, a
pentaquadrupole mass spectrometer, and a Finnigan
TSQ 700 triple quadrupole mass spectrometer (Finnigan
MAT, San Jose, CA). Two external Granville Phillips
leak valves were mounted onto the ion trap system for
introduction of reactants. A pulse generator (Stanford
Research Systems, Sunnyvale, CA, model DG535), an
arbitrary waveform generator (Wavetek, San Diego,
CA, model 395), an analog switch, and a custom-built
balun/amplifier were utilized for application of the
supplementary ac signals needed for CID. Scan func-
tions for MS2 and MS3 experiments were created in a
modified version of the standard Magnum software
which allowed greater control of the timing in the scan
function editor [8]. The reactants included nitrobenzene
and benzonitrile and related substituted compounds, all
of which were introduced as headspace vapors from the
neat liquids or solids, with heating to increase vapor
pressure as necessary. All compounds except phenyl-
isonitrile were obtained from Aldrich (Milwaukee, WI)
and were used without purification. Phenylisonitrile
was synthesized by phase transfer catalysis of the
Hofmann carbylamine reaction [9]. Ion trap pressures
were nominally 3 3 1026 torr (arylnitrile) and 2 3 1026
torr (nitrobenzene) with He bath gas present at a
nominal pressure of 1.4 3 1024 torr after sensitivity
correction of the Bayard-Alpert ion gauge reading. The
isolation conditions were optimized during each exper-
iment to yield maximum signals for the ions of interest.
In each MS/MS experiment, both of the reactants
were introduced into the ion trap in the presence of
helium, and all species were ionized for 25 ms. The
radical cation of the benzonitrile or substituted benzo-
nitrile was isolated by dc apex isolation, achieved by
applying a supplementary dc voltage to the ring elec-
trode to bring the ion of interest to the apex of the
stability diagram at qz 5 0.782 [10]. The isolated ions
were then allowed 60 ms at qz 5 0.300 to react with the
neutral nitrobenzene present in the trap. A product ion
mass spectrum was acquired by the standard mass
selective instability scan. For CID experiments, the
reaction product of interest was isolated, the rf ampli-
tude was lowered to bring the ion to qz 5 0.300 and
then an ac voltage of 118 kHz was applied across the
endcaps to dissociate the ion of interest. The amplitude
of the applied voltage was varied in each experiment to
optimize the degree of dissociation. However, for the
data reported in the tables the CID voltage was fixed at
0.200 V to facilitate comparisons.
A custom-built pentaquadrupole mass spectrometer
was used to perform additional MS/MS and MS3 ex-
periments. The pentaquadrupole is comprised of three
mass analyzing quadrupoles (Q1, Q3, and Q5) and two
reaction quadrupoles (Q2, Q4), described fully else-
where [11]. For MS/MS experiments, the reactant ion
was mass selected by using Q1 and then allowed to
undergo ion–molecule reactions with the neutral re-
agent introduced into Q2. The ion/molecule reaction
products were recorded by scanning Q5, with both Q3
and Q4 set in the broad band rf-only mode. The
denitration products formed in Q2 were characterized
by MS3 experiments, in which they were mass selected
by using Q3 and then allowed to undergo energetic
collisions with argon in Q4, whereas Q5 was scanned to
record the sequential product ion MS3 spectrum.
A Finnigan TSQ 700 was utilized to perform MS/MS
on nonvolatile compounds. Aliquots (2 mL) of each
compound were mixed on a rhenium wire filament of a
direct insertion probe and introduced into the mass
spectrometer without additional heating. The source
temperature was maintained at 150°C and the manifold
was maintained at 70°C. The ionic reaction product was
isolated in the first quadrupole (Q1) and collisionally
activated in the second quadrupole (Q2) using argon as
a collision gas (20% beam attenuation at a collision
energy of 22 eV). Dissociation products were mass
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analyzed using the third quadrupole (Q3) at unit mass
resolution.
Results
Figure 1 shows a MS/MS product ion scan in which the
radical cation of benzonitrile was mass selected and
allowed to react with neutral nitrobenzene in an ion
trap mass spectrometer under multiple collision condi-
tions. Note that there is still some unreacted benzoni-
trile radical cation at the end of the 60 ms reaction
period and that the only significant product of the
reaction is at m/z 180. This ion corresponds to the
coupling of the reactants with elimination of NO2.
Because both reactants contain a phenyl group, it was
necessary to determine which reagent contributes this
unit. This was accomplished in two ways. Isolated
benzonitrile radical cation was reacted with d5-nitro-
benzene under the same conditions as with nitroben-
zene. The product of this reaction was observed at m/z
185, instead of m/z 180 as observed in the nonlabeled
case. This shows that the phenyl ring added to the
benzonitrile radical cation is indeed derived from the
nitrobenzene and that self-reaction of the benzonitrile
radical cation with neutral benzonitrile is not involved.
The source of the phenyl ring is further confirmed by
experiments using substituents (such as F, Cl, Br, CH3,
OCH3, COCH3, or NO2) at the para position of each of
the reactants.
The set of experiments performed with these substi-
tuted compounds is summarized in Table 1. Product
formation in each case is consistent with reaction of a
benzonitrile radical cation with a nitrobenzene. Hence,
the overall reaction of the parent compound, nitroben-
zene, and the radical cation of benzonitrile leading to
m/z 180 can be written as shown in Scheme 1.
The structure of the proposed ion/molecule reaction
product was confirmed by comparison of its CID spec-
trum with that of an authentic ion of known structure
generated by an independent method. The authentic
ion was formed in the ion trap by hydrogen atom loss
from the neutral precursor, N-benzylidene aniline, as
shown in Scheme 2. This reference ion was isolated
using dc apex isolation and subjected to CID. A com-
Figure 1. Products of reaction of the isolated radical cation of
benzonitrile with neutral nitrobenzene.
Table 1. Summary of reactions observed and DIE of reactants
Ion Neutral DIEa
Product
abundanceb Observations
Benzonitrile1z p-methoxynitrobenzene 0.94 N/Ac CE
Benzonitrile1z p-nitrotoluene 0.27 N/Ac CE
p-Nitrobenzonitrile1z p-nitrobenzonitrile 0.00 (7)d denitration
p-Chlorobenzonitrile1z nitrobenzene 0.00 11 denitration
Benzonitrile1z p-bromonitrobenzene 20.03 N/Ac CE
p-Bromobenzonitrile1z nitrobenzene 20.04 6 denitration
p-Acetylbenzonitrile1z nitrobenzene 20.16 7 denitration
p-Fluorobenzonitrile1z p-fluoronitrobenzene 20.16 8 denitration
Benzonitrile1z p-fluoronitrobenzene 20.17 15 denitration
p-Fluorobenzonitrile1z nitrobenzene 20.20 12 denitration
Benzonitrile1z nitrobenzene 20.21 7 denitration
Benzonitrile1z p-chloronitrobenzene 20.23 15 CE and denitration
p-Methoxybenzonitrile1z p-nitrotoluene 20.38 2e denitration
Benzonitrile1z p-nitronitrobenzene 20.57 (2)d denitration
p-Tolunitrile1z nitrobenzene 20.62 18e denitration
p-Methoxybenzonitrile1z p-bromonitrobenzene 20.68 13 denitration
p-Methoxybenzonitrile1z nitrobenzene 20.86 13e denitration
p-Methoxybenzonitrile1z p-chloronitrobenzene 20.88 15e denitration
aIonization energy difference from NIST Webbook.
bNormalized abundance (%) relative to reactant radical cation.
cNot applicable, no denitration product observed.
d(#) indicates measurements made data obtained using a heated solids probe.
eIsolation of radical cation of substituted benzonitrile did not yield product, see text.
Scheme 1
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parison of the reference CID spectrum with that of the
reaction product is made in Figure 2. In both spectra m/z
152 and 77 are produced in a 1:3 ratio and this agree-
ment strongly suggests that the two ions have the same
structure and confirms the denitration reaction shown
in Scheme 1.
The generality of the denitration reaction was ex-
plored by using reagents with para substituents. As can
be seen in Table 1, in several cases, including unsubsti-
tuted benzonitrile reacting with p-Br, p-CH3, or p-CH3O
nitrobenzene, the only reaction observed is charge
exchange (CE). It is well known that CE is a common
side reaction in ion/molecule reactions [12]. When the
ionization energy of the neutral is less than that of the
ionic reactant, charge exchange occurs readily. One
exception is benzonitrile which reacts with p-chloroni-
trobenzene to yield both CE and denitration products.
In this case, considering the ionization energy differ-
ence (benzonitrile 9.73 eV and p-chloronitrobenzene
9.96 eV), one does not expect facile charge exchange. In
all cases where the ionization energies were appropriate
to avoid CE of the reactants, the denitration reaction
was observed. The fact that this reaction occurs to give
the denitration product when CE processes can be
avoided, indicates the generality of this reaction and its
potential utility as a diagnostic tool for the detection of
substituted nitroaromatics. Furthermore, the ability to
predict which compounds will undergo the denitration
adds to the utility of the reaction.
The effects of electron donating or withdrawing
groups on the denitration reaction were also investi-
gated. The normalized product abundance (product
intensity divided by reactant radical cation intensity)
for each reaction is listed in Table 1. The relative
abundance is calculated without prior isolation of the
reactant ion to ensure the same ion energy for all cases.
The substituents on the neutral nitrobenzene in the para
position include F, Cl, Br, NO2, and CH3. The substitu-
ents on the benzonitrile radical cation in the para
position include F, Cl, Br, NO2, CH3, CH3CO, and
OCH3. The data in Table 1 indicate that neither electron
withdrawing nor electron donating groups significantly
affects the efficiency of the reaction. The variation in the
normalized product intensities is not much greater than
the experimental error associated with the pressure of
the reactant species. These data are consistent with a
radical-driven mechanism.
Reaction products in the cases of the substituted
compounds were subjected to CID analysis. In these
CID spectra, there was no prior isolation of the radical
cation reactant, for reasons of ion intensity. However,
formation of the product ion was separately confirmed
by isolation of the reactant. The CID data is summa-
rized in Table 2. As can be seen in the table, the major
fragmentation pathways of the denitration products
include loss of neutral HCN, H2CN, HX (X is the
substituent), Xz, and substituted benzonitrile. Loss of
H2CN
z is unexpected, because the formation of this
radical neutral fragment is unfavorable. However, the
formation of a particularly stable radical cation, in this
case the formation of an aromatic biphenylene radical
cation or isomer, can cause an even-electron species to
fragment to yield odd-electron species [13]. The loss of
the elements of H2CN
z is observed in the cases of the
unsubstituted reactants, the pair methoxybenzonitrile/
nitrobenzene, the self-reaction of p-nitrobenzonitrile,
the p-dinitrobenzene/benzonitrile pair, and the p-me-
thoxybenzonitrile/p-bromonitrobenzene pair. In many
cases, H2CN
z loss is observed after loss of the substitu-
ent or a fragment derived from it. Loss of the neutral
substituted benzonitrile itself is observed in all cases
except the self-reaction, dinitrobenzene/benzonitrile,
nitrobenzene/p-bromobenzonitrile and p-chloronitro-
benzene/p-methoxybenzonitrile reactions. The pattern
of observed losses is consistent with the proposed
structure of the product. The denitration reaction prod-
uct is assumed to be covalently bound because of the
large amount of energy needed to cause dissociation
[14].
In the course of the experiments, it was noted that
some reactions (p-methoxybenzonitrile/p-nitrotoluene,
p-tolunitrile/nitrobenzene, p-methoxybenzonitrile/ni-
trobenzene and p-methoxybenzonitrile/p-chloronitro-
benzene) yielded denitration product when given suf-
Scheme 2
Figure 2. (a) MS/MS data for the m/z 180 ion generated by the
ion/molecule reaction. (b) CID of m/z 180, (M 5 H)1 of N-
benzylidene aniline. The ion at m/z 152 is drawn as ionized
biphenylene, but isomers are not excluded.
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Table 2. CID data on denitration reaction productsa
Ion Neutral
Denitration
product ion (Th)
CID fragments
(rel. abundance)
Assignments of
neutral losses
Benzonitrile1z nitrobenzene 180 153 (20) HCN
152 (31) H2CN
77 (100) benzonitrile
Benzonitrile1z d5-nitrobenzene 185 157 (30) DCN
156 (30) HDCN
82 (100) benzonitrile
p-Fluorobenzonitrile1z nitrobenzene 198 151 (61) (HF 1 HCN)
77 (100) F benzonitrile
p-Fluorobenzonitrile1z p-fluoronitrobenzene 216 196 (16) HF
169 (20) (HF 1 HCN)
95 (100) F benzonitrile
Benzonitrile1z p-fluoronitrobenzene 198 178 (13) HF
151 (24) (HF 1 HCN)
95 (100) benzonitrile
77 (77) F benzonitrile
p-Chlorobenzonitrile1z nitrobenzene 214 214: 178 (20) HCl
216 151 (26) (HCl 1 HCN)
77 (44) Cl benzonitrile
216: 178 (20) HCl
151 (25) (HCl 1 HCN)
77 (20) chlorobenzonitrile
p-Methoxybenzonitrile1z nitrobenzene 210 195 (12) CH3
167 (45) (CH3 1 H2CN)
77 (15) methoxybenzonitrile
p-Tolunitrile1z nitrobenzene 194 167 (11) HCN
166 (27) H2CN
152 (19) (HCN 1 CH3)
91 (27) benzonitrile
77 (100) methylbenzonitrile
p-Nitrobenzonitrile1z p-nitrobenzonitrile 250 204 (100) NO2
192 (52) (H2CN 1 NO)
177 (6) (HCN 1 NO2)
Benzonitrile1z p-nitronitrobenzene 225 195 (7) NO
179 (91) NO2
167 (4) (H2CN 1 NO)
p-Bromobenzonitrile1z nitrobenzene 258 258: 179 (100) Br
260 155 (45) benzonitrile
260: 179 (100) Br
157 (67) benzonitrile
p-Acetylbenzonitrile1z nitrobenzene 222 179 (15) acetyl
128 (48)
77 (100) acetylbenzonitrile
p-Methoxybenzonitrile1z nitrobenzene 210 195 (75) CH3
167 (100) (H2CN 1 CH3)
77 (45) methoxybenzonitrile
p-Methoxybenzonitrile1z p-chloronitrobenzene 244 244: 229 (37) CH3
246 201 (100) (H2CN 1 CH3)
165 (68)
246: 203 (100) (H2CN 1 CH3)
167 (94)
p-Methoxybenzonitrile1z p-bromonitrobenzene 288 288: 273 (69) CH3
290 245 (100) (H2CN 1 CH3)
155 (78) methoxybenzonitrile
290: 275 (70) CH3
247 (100) (H2CN 1 CH3)
157 (76) methoxybenzonitrile
a0.200 V applied to ion at qz 5 0.300.
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ficient reaction time without prior isolation of the
radical cation of the substituted benzonitrile. However,
with dc apex isolation confined to approximately a one
Thomson (Th) window, the substituted benzonitrile did
not yield a significant amount of product. This effect
could be circumvented by considerably widening the
isolation window. As can be seen in the case of p-
chlorobenzonitrile in Figure 3, decreasing the dc ampli-
tude (thus opening the isolation window) increased the
amount of the denitration product. One can conclude
that under high resolution isolation conditions either (i)
boundary activation occurs and the product ion is
dissociated and hence not observed, as was the case in
the amine system [14] or (ii) the kinetic energy imposed
on the system during isolation prevents the ion/mole-
cule reaction from occurring [15]. We are unable to
distinguish these two cases but favor the second due to
the fact that the product ions are not readily dissociated,
in contrast to the proton-bound dimers for which this
effect was seen in the earlier amine study [14]. Further
evidence for this comes from the thermochemistry of
the reaction.
To determine the reaction thermochemistry, ab initio
calculations (MP2/6-31G*//HF/6-31G*) were per-
formed using Gaussian 94. Including zero point vibra-
tional energy, the heats of fomation of the species
involved in the reaction are: radical cation of benzoni-
trile (64.32743 kcal/mol), nitrobenzene (70.10328 kcal/
mol), nitro radical (6.18043 kcal/mol), and the arylated
arylnitrile ion (129.42891 kcal/mol). Using these values
one finds that the reaction is exothermic by 48 kcal/
mol, which is consistent with the experimental obser-
vation that excess energy slows the reaction.
An attempt was made to broaden the scope of the
denitration reaction by changing the reactive group on
the radical cation from the nitrile to the nitro functional
group. The radical cation of nitrobenzene was chosen to
react with neutral nitrobenzene because of the similar-
ities of the nitro and nitrile groups. Although this
self-reaction of nitrobenzene was not as efficient in the
ion trap as the nitrile reaction, it did occur to give the
denitration product. The reaction was performed in
both the ion trap and the pentaquadrupole mass spec-
trometers, however, due to the less efficient nature of
the reaction, the CID spectrum was only obtained in the
pentaquadrupole mass spectrometer. In the penta-
quadrupole, the normalized product abundance was
18% relative to the unreacted reagent ion. CID of the d10
product (m/z 210), formed by reaction of the ring-d5-
nitrobenzene was performed and major fragments were
at m/z 166 (100%), 112 (63%), and 98 (48%); these
correspond to loss of CO2, C6D5O, and C6D5NO, respec-
tively, and are suggestive of the formation of
Ar1
1N(¢O)OAr2. Isolation of the (M 2 NO2)
1 ion and
reaction with nitrobenzene did not yield any product.
Therefore, under these conditions, addition appears to
occur prior to NO2 elimination. Attempts to react other
neutral compounds with the radical cation of nitroben-
zene were made. However, the high ionization energy
of nitrobenzene (9.94 eV) makes CE processes with
almost all aromatics facile.
Phenylisonitrile, a structural isomer of benzonitrile,
was also explored as a reagent in the denitration
reaction. Phenylisonitrile has a lower ionization energy
than benzonitrile, which increases the available number
of neutral reagents with a higher ionization energy than
that of the ionic reagent; these compounds are therefore
candidates for reaction by routes other than charge
exchange. In addition, because the charge site is on the
carbon instead of the nitrogen, it is a stronger Lewis
base and therefore may be more reactive. The denitra-
tion reaction occurred with similar facility to that of
benzonitrile, as studied using the triple quadrupole
mass spectrometer. However, benzonitrile and phenyli-
sonitrile react with substituted nitrobenzenes to give
isomeric products, which happen to be identical only in
the case of reaction with nitrobenzene itself. This was
shown by the reactions of benzonitrile and phenylisoni-
trile with d5-nitrobenzene. After CID the phenylisoni-
trile reaction product yields only m/z 77 (loss of d5-
phenylisonitrile), whereas CID of the benzonitrile
reaction product yields m/z 82 (loss of d0-benzonitrile).
These results are summarized in Scheme 3. The similar
reactivity observed is consistent with the suggested
radical mechanism.
To test the potential practical applicability of the
denitration reaction, TNT was used as a reagent. This
experiment was performed using a triple quadrupole
mass spectrometer because the ITS-40 did not have a
means to readily introduce the solid TNT. Both the TNT
and the benzonitrile were placed on a direct evapora-
tion probe and introduced into a CI ion volume. The
mass spectrum confirmed the formation of an ion
consistent with the denitration reaction at m/z 284,
whereas CID of this product yielded 238 (loss of NO2)
and 181 (loss of benzonitrile), which is consistent with
Figure 3. Effect of decreasing the dc amplitude (opening the
isolation window) on the observation of reaction product, at qz 5
0.78.
38 RITER ET AL. J Am Soc Mass Spectrom 2000, 11, 33–39
the formation of the expected denitration reaction
product.
Conclusions
A novel ion/molecule reaction that is diagnostic for the
presence of nitroaromatic compounds has been uncov-
ered. In this reaction, the radical cation of benzonitrile
or a substituted benzonitrile reacts with neutral nitro-
benzene or a substituted nitrobenzene in an addition/
NO2 elimination sequence. When charge exchange is
avoided, the denitration product Ar1
1N§CAr2 is the
only significant product observed. This reaction is gen-
eral to activating and deactivating groups at the para
position of either of the reactants, provided that the
ionization energy of the neutral is not significantly
lower than that of the radical cation. Thus, the reaction
is not facilitated by either electron withdrawing or
donating groups. Furthermore, it was observed that in
some cases that tight dc apex isolation (;1 Th) of the
reactant radical cation can slow the reaction to the point
that products are not observed. This appears to be
because the reaction is exothermic and dc apex isolation
increases the energy of the system.
Two related reactions were also uncovered: self-
reaction of nitrobenzene with its radical cation with
elimination NO2, presumably to yield Ar1
1N(¢O)OAr2.
The radical cation of phenylisonitrile was found to react
with nitrobenzene in an anologous reaction to the
radical cation of benzonitrile and nitrobenzene, to give
the isomeric arylated arylnitrile product, Ar2
1N[CAr1.
The denitration reaction was shown to occur with the
nitroaromatic explosive TNT and hence to be poten-
tially useful as a diagnostic ion/molecule reaction.
Although the reaction seems promising for selective
detection of nitroaromatic compounds, the analytical
performance is yet to be assessed. Future experiments
will include reaction of the radical cation of benzonitrile
with a mixture of compounds to estimate its selectivity
and to measure the detection limits and linear dynamic
range.
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